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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] The disclosure of Japanese Patent Application
No. 2006-248721, filed on September 13, 2006, is incor-
porated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The presentinvention relates to a game device
and a storage medium storing a game program and, more
particularly, to agame device and a storage medium stor-
ing a game program for a video game where the player
uses two input devices.

Description of the Background Art

[0003] There are conventional video games of the type
where the player controls a plurality of control objects at
the same time. In a boxing game of this type, the player
separately controls the left hand and the right hand of
the boxer (player object), and in some cases also sepa-
rately controls the body of the boxer. In such a case, the
player controls three control objects at the same time,
i.e., the left and right hands of the boxer and the body of
the boxer as a whole.

[0004] Examples of such boxing games include those
disclosed in Patent Document 1 (Japanese Laid-Open
Patent Publication No. 2002-200339), Patent Document
2 (Japanese Laid-Open Patent Publication No.
07-185131) and Patent Document 3 (Japanese Laid-
Open Patent Publication No. 2002-153673), for example.
Patent Document 1 discloses a game device in which
the player controls various parts of the player object. The
game device employs, as input devices, a pair of (left
and right) controllers eachincluding acceleration sensors
for three axial directions. The moving direction and the
acceleration of the pair of controllers are detected by us-
ing the acceleration signals obtained from the controllers,
based on which the punching action of the player object
is controlled.

[0005] Patent Document 2 discloses a game system
in which the player controls various parts of the player
object. In the game system, markers are attached to var-
ious parts of the body of the player, e.g., head, hands,
arms, legs, torso, etc., based on which the movement of
the player object is controlled. The game system detects
the position of each marker based on an image of the
player captured by a video camera, and controls the var-
ious parts of the player object so as to follow the move-
ment of the player, based on the detected positions.
[0006] Patent Document 3 discloses the use of two
controllers separately detecting the movement in at least
two axial directions. The player holds and moves the two
controllers, one in the left hand and the other in the right
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hand, and the controllers output signals according to the
movement of the controllers. Using these signals, the
game device controls the punching action of the player
object, i.e., the movement of the two hands of the player
object. In addition to the two controllers, the game device
also includes a head detecting section (being a CCD
camera) for detecting the position of the head of the play-
er. The output from the head detecting section is used
to control the viewpoint of the game image, i.e., the move-
ment of the head of the player object.

[0007] The game device of Patent Document 1 uses
two controllers as input devices so as to control the
punching action of the player object, i.e., the movement
of the two hands of the player object. However, Patent
Document 1 fails to give any consideration to the move-
ment other than the movement of the two hands. There-
fore, with Patent Document 1, the player cannot move
other parts or the body as a whole of the player object.
Thus, the player cannot control three control objects at
the same time.

[0008] With Patent Document 2, markers are attached
to various parts of the player, whereby it is possible to
control various parts of the player object corresponding
to the various parts of the player. In Patent Document 3,
with the provision of the head detecting section (camera)
in addition to the two controllers, it is possible to control
three parts of the player object, i.e., the two hands and
the head. However, Patent Documents 2 and 3 require
additional components, such as the camera, whereby
the device as a whole is complicated, large in size and
expensive.

[0009] Patent Documents 1 and 3 both disclose the
use of two input devices each controlled while being held
in hand. However, the two input devices are only control-
led separately, but not in a coordinated manner so that
the game device can detect the coordinated movement
of the input devices as such.

SUMMARY OF THE INVENTION

[0010] Therefore, an object of the present invention is
to provide a game device and a game program, which
with a simple configuration enables the player to control
a plurality of objects.

[0011] Another object of the presentinvention is to pro-
vide a game device and a game program, which enables
the player to move two input devices in a coordinated
manner so that the coordinated movement is detected
as such.

[0012] The present invention has the following fea-
tures to attain the objects mentioned above. Note that
parenthetic expressions in the following section (refer-
ence numerals, supplementary explanations, etc.) are
merely to indicate the correlation between what is de-
scribed in the following section and what is described in
the description of the preferred embodiments set out fur-
ther below in the present specification, and are in no way
intended to restrict the scope of the present invention.
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[0013] Afirstaspectofthe presentinventionis directed
to a computer-readable storage medium, storing a game
program (71) to be executed by a computer (the CPU
10, etc.) of a game device (3) for performing a game
process based on data outputted from a first sensor (the
acceleration sensor 37) and data outputted from a sec-
ond sensor (the acceleration sensor 55), wherein the first
sensor outputs first data (the first acceleration data 721)
representing a value according to an orientation or move-
ment of a first input device (the main controller 5a) and
the second sensor outputs second data (the second ac-
celeration data 722) representing a value according to
an orientation or movement of a second input device (the
sub-controller 5b). The game program instructs the com-
puter to perform a data obtaining step (S1), a similarity
degree calculating step (S11, S12, S21, S23, and S24),
and a change amount calculating step (S25). The data
obtaining step is a step of obtaining the first data and the
second data. The similarity degree calculating step is a
step of calculating, based on the first data and the second
data, a degree of similarity between a state of the first
input device with respect to the orientation or movement
thereof and a state of the second input device with re-
spect to the orientation or movementthereof. The change
amount calculating step is a step of calculating, based
on at least one of the first data and the second data, an
amount of change by which to change a value of a game
parameter to be used in the game process (the amount
by which the torso object 63 is moved) in such a manner
that the amount of change is greater as the degree of
similarity is greater.

[0014] In a second aspect, in the change amount cal-
culating step, the computer calculates an amount of
movement by which to move afirst object (the torso object
63) in a game space in such a manner that the amount
of movementis greater as the degree of similarity is great-
er.

[0015] In a third aspect, the game program instructs
the computer to further perform an object movement
step. The object movement step is a step of moving a
second object (the right hand object 61) in the game
space based on the first data and moving a third object
(the left hand object 62) in the game space based on the
second data.

[0016] In a fourth aspect, the first object is an object
representing a torso or a head of a human-shaped char-
acter. One of the second object and the third object is an
object representing a right hand of the human-shaped
character and the other is an object representing a left
hand thereof.

[0017] In a fifth aspect, the first sensor is an acceler-
ation sensor outputting data representing an acceleration
as the first data. The second sensor is an acceleration
sensor outputting data representing an acceleration as
the second data.

[0018] In a sixth aspect, the game program instructs
the computer to further perform a first determination step
(S3) and a second determination step (S5). The first de-
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termination step is a step of determining, based on the
first data, whether the first input device is subjected to
an operation (the punch operation) that gives a rapid
change to an orientation or position of the first input de-
vice, the degree of rapidness of the rapid change being
greater than or equal to a predetermined degree. The
second determination step is a step of determining,
based on the second data, whether the second input de-
vice is subjected to an operation (the punch operation)
that gives a rapid change to an orientation or position of
the second input device, the degree of rapidness of the
rapid change being greater than or equal to a predeter-
mined degree. In the similarity degree calculating step,
the computer calculates a degree of similarity between
the orientation of the first input device and that of the
second input device only if a determination result of the
first determination step and that of the second determi-
nation step are both false.

[0019] In a seventh aspect, the game program in-
structs the computer to further perform an action control
step (S4 or S6). The action control step is a step of acti-
vating a predetermined action (the punch action) of the
first object or other objects only if at least one of the de-
termination result of the first determination step and that
of the second determination step is true. In the change
amount calculating step, the computer calculates, as the
amount of change, an amount of movement by which the
first object is moved in a game space only if the determi-
nation result of the first determination step and that of
second determination step are both false.

[0020] An eighth aspect of the present invention is di-
rected to a computer-readable storage medium, storing
a game program (71) to be executed by a computer (the
CPU 10, etc.) of agame device (3) for performing a game
process based on data outputted from a first sensor (the
acceleration sensor 37) and data outputted from a sec-
ond sensor (the acceleration sensor 55), wherein the first
sensor outputs first data (the first acceleration data 721)
representing a value according to an orientation or move-
ment of a first input device (the main controller 5a) and
the second sensor outputs second data (the second ac-
celeration data 722) representing a value according to
an orientation or movement of a second input device (the
sub-controller 5b). The game program instructs the com-
puter to perform a data obtaining step (S1), a similarity
degree calculating step (S11, S21, S23, and S24), a first
game process step (S14), and a second game process
step (S25 to S27). The data obtaining step is a step of
obtaining the first data from the first sensor and the sec-
ond data from the second sensor. The similarity degree
calculating step is a step of calculating, based on the first
data and the second data, a degree of similarity between
a state of the first input device with respect to the orien-
tation or movement thereof and a state of the second
input device with respect to the orientation or movement
thereof. The first game process step is a step of perform-
ing a first game process based on the first data or the
second data. The second game process step is a step
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of performing a second game process based on the first
data and the second data only if a value of the degree of
similarity is greater than a predetermined value.

[0021] In a ninth aspect, in the second game process
step, the computer performs, as the second game proc-
ess, a process of calculating, based on at least one of
the first data and the second data, an amount of change
(the amount by which the torso object 63 is moved) by
which to change a value of a game parameter to be used
in the game process in such a manner that the amount
of change is greater as the degree of similarity is greater.
[0022] In atenth aspect, the first sensor is an acceler-
ation sensor outputting data representing an acceleration
as the first data. The second sensor is an acceleration
sensor outputting data representing an acceleration as
the second data.

[0023] In an eleventh aspect, the first data represents
an acceleration value with respect to a predetermined
axial direction (the X-axis direction shown in FIG. 3) with
reference to the first input device. The second data rep-
resents an acceleration value with respect to a predeter-
mined axial direction (the X-axis direction shown in FIG.
6) with reference to the second input device. In the sim-
ilarity degree calculating step, the computer calculates
the degree of similarity based on a difference (the differ-
ence C) between a value of the first data and a value of
the second data.

[0024] In a twelfth aspect, the degree of similarity cal-
culated in the similarity degree calculating step takes a
higher value as the difference is smaller.

[0025] In a thirteenth aspect, the first data represents
a vector (A1yy) whose components are acceleration val-
ues with respect to a plurality of predetermined axial di-
rections (the X-axis direction and the Y-axis direction)
with reference to the first input device. The second data
represents a vector (A2yy) whose components are ac-
celeration values with respect to a plurality of predeter-
mined axial directions with reference to the second input
device. In the similarity degree calculating step, the com-
puter calculates the degree of similarity based on a dif-
ference between a vector represented by the first data
and a vector represented by the second data.

[0026] In a fourteenth aspect, the degree of similarity
calculated in the similarity degree calculating step takes
a higher value as the difference between the vectors is
smaller.

[0027] In a fifteenth aspect, the first data represents a
vector whose components are acceleration values with
respect to a plurality of predetermined axial directions
with reference to the first input device. The second data
represents a vector whose components are acceleration
values with respect to a plurality of predetermined axial
directions with reference to the second input device. In
the similarity degree calculating step, the computer cal-
culates the degree of similarity based on a difference
between a vector representing an amount of change in
the vector represented by the first data over a predeter-
mined amount of time and a vector representing an
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amount of change in the vector represented by the sec-
ond data over the predetermined amount of time.
[0028] In a sixteenth aspect the degree of similarity
calculated in the similarity degree calculating step takes
a higher value as the difference between the vectors is
smaller.

[0029] In a seventeenth aspect, the first data repre-
sents a vector whose components are acceleration val-
ues with respect to a plurality of predetermined axial di-
rections with reference to the first input device. The sec-
ond data represents a vector whose components are ac-
celeration values with respect to a plurality of predeter-
mined axial directions with reference to the second input
device. In the similarity degree calculating step, the com-
puter calculates the degree of similarity based on an an-
gular difference between a vector representing an
amount of change in the vector represented by the first
data over a predetermined amount of time and a vector
representing an amount of change in the vector repre-
sented by the second data over the predetermined
amount of time.

[0030] Inan eighteenth aspect, the degree of similarity
calculated in the similarity degree calculating step takes
a higher value as the angular difference between the vec-
tors is smaller.

[0031] Inanineteenth aspect, the first data represents
a vector whose components are acceleration values with
respect to a plurality of predetermined axial directions
with reference to the first input device. The second data
represents a vector whose components are acceleration
values with respect to a plurality of predetermined axial
directions with reference to the second input device. In
the similarity degree calculating step, the computer cal-
culates the degree of similarity based on an angular dif-
ference between a vector represented by the first data
and a vector represented by the second data.

[0032] In a twentieth aspect, the degree of similarity
calculated in the similarity degree calculating step takes
a higher value as the angular difference between the vec-
tors is smaller.

[0033] In atwenty-first aspect, the first sensor outputs
vector data (the acceleration data) representing an ori-
entation of the first input device as the first data, and the
second sensor outputs vector data (the acceleration da-
ta) representing an orientation of the second input device
as the second data. In the similarity degree calculating
step, the computer calculates a degree of similarity be-
tween an orientation of the first input device and an ori-
entation of the second input device.

[0034] The present invention may be in the form of a
game device having equal functions to those of a game
device capable of performing the steps described above.
[0035] According to the first aspect, the amount of
change, which is calculated based on at least one of the
first data and the second data, is greater as the degree
of similarity is greater. Thus, the amount of change is
large when two input devices are moved similarly. There-
fore, the player can play the game by an operation of
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moving the two input devices in a coordinated manner.
As the two input devices are moved more similarly, the
effect of the operation (i.e., the amount of change) is
greater. Therefore, the player is required to learn the skill
of moving the two input devices in a coordinated manner.
Thus, the player is given a challenging novel operation.
Moreover, according to the first aspect, the operation of
separately moving the two input devices has little effect
on the amount of change, whereby the operation of sep-
arately moving the input devices can be used independ-
ently of the operation of controlling the amount of change.
Therefore, if the first aspect of the present invention is
used where a plurality of control objects are controlled
with two input devices, it is possible to easily control the
plurality of control objects.

[0036] According to the second aspect, an object can
be moved in the game space through an operation of
moving two input devices in a coordinated manner.
[0037] According to the third aspect, the first object
can be controlled by moving the first input device, the
second object can be controlled by moving the second
input device, and the third object can be controlled by
moving both the first and second input devices. There-
fore, three control objects can be controlled simultane-
ously with a simple configuration using two input devices.
[0038] According to the fourth aspect, the two hands
and the torso of a human-shaped object can be controlled
separately by using two input devices.

[0039] According to the fifth aspect, an acceleration
sensor is provided in the input device, whereby the ori-
entation or movement of the input device can easily be
calculated based on the output data from the acceleration
sensor. Thus, the degree of similarity can easily be cal-
culated based on the calculated orientation or movement.
[0040] According to the sixth aspect, when either input
device is moved rapidly, the degree of similarity is not
calculated, and the amount of change is not calculated.
When an input device having an acceleration sensor
therein is moved rapidly, it may not be possible to accu-
rately calculate the inclination or the movement of the
input device based on the output from the acceleration
sensor. According to the sixth aspect, however, it is pos-
sible to prevent such an inaccurate calculation.

[0041] According to the seventh aspect, an object can
be moved in the game space through the operation of
moving two input devices in a coordinated manner, and
another operation can be performed by rapidly moving
an input device.

[0042] According to the eighth aspect, the first game
process is performed through an operation of moving the
first input device or the second input device, and the sec-
ond game process is performed through an operation of
moving the firstinput device and the second input device.
Therefore, a plurality of types of game operations can be
done with a simple configuration using two input devices.
If the two input devices are moved separately so that the
degree of similarity is less than or equal to a predeter-
mined degree, the second game process is not per-
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formed. Therefore, when the player moves the input de-
vices separately intending to perform the first game proc-
ess, the second game process, which is not intended by
the player, will not be performed, thus providing an im-
proved controllability in a video game using two input
devices.

[0043] According to the ninth aspect, as the two input
devices are moved more similarly, the effect of the op-
eration (i.e., the amount of change) is greater. Therefore,
the player is required to learn the skill of moving the two
input devices in a coordinated manner. Thus, the player
is given a challenging novel operation.

[0044] According to the tenth aspect, an acceleration
sensor is provided in the input device, whereby the ori-
entation or movement of the input device can easily be
calculated based on the output data from the acceleration
sensor. Thus, the degree of similarity can easily be cal-
culated based on the calculated orientation or movement.
[0045] According to the eleventh and twelfth aspects,
the degree of similarity is calculated based on the accel-
eration in a single axial direction, whereby it is possible
to easily calculate the orientation of each input device,
and to easily calculate the degree of similarity between
the orientations of the input devices.

[0046] According to the thirteenth, fourteenth, nine-
teenth and twentieth aspects, the degree of similarity is
calculated based on the acceleration in multiple axial di-
rections, whereby it is possible to accurately calculate
the orientation of each input device, and to accurately
calculate the degree of similarity between the orienta-
tions of the input devices.

[0047] According to the fifteenth to eighteenth aspects,
the degree of similarity is calculated based on the amount
of change in the acceleration in multiple axial directions,
whereby it is possible to accurately calculate the move-
ment of each input device (including the change in the
orientation thereof), and to accurately calculate the de-
gree of similarity between the movements of the input
devices. Moreover, it is possible to provide a video game
with a novel game operation of moving two input devices
in a coordinated manner so that the movements of the
two input devices (including the change in the orientation
thereof) are the same.

[0048] According to the twenty-first aspect, it is possi-
ble to provide a video game with a novel game operation
of moving two input devices in a coordinated manner so
that the orientations of the two input devices are the
same.

[0049] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050]
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FIG. 1 is an external view of a game system 1;
FIG. 2is a functional block diagram of a game device
3;

FIG. 3 is a perspective view showing an external
configuration of a main controller 5a;

FIG. 4 is a perspective view showing an external
configuration of the main controller 5a;

FIG. 5A shows an internal configuration of the main
controller 5a;

FIG. 5B shows an internal configuration of the main
controller 5a;

FIG. 6 is a perspective view of a sub-controller 5b;
FIG. 7 is a perspective view showing the sub-con-
troller 5b with an upper casing taken off;

FIG. 8 is a block diagram showing a configuration of
the controllers 5a and 5b;

FIG. 9 shows how the player performs a game op-
eration using the two controllers 5a and 5b;

FIG. 10 shows different positions of the main con-
troller 5a and corresponding acceleration vectors to
be detected;

FIG. 11 shows an example of a game screen dis-
playedonaTV 2inthe game of the presentinvention;
FIG. 12 shows different game operations to be per-
formed in one embodiment of the present invention;
FIG. 13 shows an example of a game screen when
the player performs a first operation;

FIG. 14 shows an example of a game screen when
the player performs a third operation;

FIG. 15 shows important data to be stored in a main
memory 13 of the game device 3;

FIG. 16 is a main flow chart showing the flow of the
process performed by the game device 3;

FIG. 17 is a flow chart showing the flow of an object
movement process (step S7) shown in FIG. 16;
FIG. 18 is a flow chart showing the flow of a first
movement process (step S13) shownin FIG. 17; and
FIG. 19 is a flow chart showing the flow of a second
movement process (step S14) shown in FIG. 17.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(General Configuration Of Game System)

[0051] Referring to FIG. 1, a game system 1 including
a game device according to an embodiment of the
present invention will now be described. FIG. 1 is an ex-
ternal view of the game system 1. The game device and
the game program of the present embodiment will now
be described with respect to a home-console type game
device as an example. Referring to FIG. 1, the game
system 1 includes a television set (hereinafter referred
to simply as a "TV") 2, a game device 3, an optical disc
4, two controllers 5a and 5b, and a sensor bar 6. The
present system performs a game process by the game
device 3 based on a game operation using the two con-
trollers 5a and 5b.

[0052] The game device 3 includes the optical disc 4,
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being an example of an information storage medium that
can be received by the game device 3. The optical disc
4 stores a game program to be executed by the game
device 3. Provided on the front side of the game device
3is aslotforreceiving the optical disc 4. The game device
3 performs a game process by loading and executing a
game program stored in the optical disc 4 inserted
through the slot.

[0053] The TV 2is connected to the game device 3 via
a connection cord. The TV 2 is a display device such as
a home television set. The TV 2 shows a game image
obtained as a result of the game process executed by
the game device 3. The sensor bar 6 is provided around
the TV 2 (on the upper side of the screen in FIG. 1). The
sensor bar 6 includes two markers 6R and 6L at opposite
ends thereof. Specifically, the markers 6R and 6L are
one or more infrared LEDs for outputting infrared light to
the front side of the TV 2. The sensor bar 6 is connected
to the game device 3, and the game device 3 can control
ON/OFF of the infrared LEDs of the sensor bar 6.
[0054] The controllers 5a and 5b are each an input
device for giving the game device 3 operation data, which
represents the player’s operation on the controller. Here-
inafter, the controller 5a will be referred to as the "main
controller", and the controller 5b as the "sub-controller".
The main controller 5a and the game device 3 are con-
nected via a wireless connection. In the present embod-
iment, the wireless connection between the main con-
troller 5a and the game device 3 employs Bluetooth (reg-
istered trademark), for example. In other embodiments,
the main controller 5a and the game device 3 may be
connected via a wired connection. The main controller
5a and the sub-controller 5b are connected to each other
via a flexible cable 54. In other embodiments, the main
controller 5a and the sub-controller 5b may wirelessly
communicate with each other. While the sub-controller
5b communicates with the game device 3 via the main
controller 5a in the present embodiment, there may be a
wireless or wired direct connection between the sub-con-
troller 5b and the game device 3.

(Internal Configuration Of Game Device 3)

[0055] Referring now to FIG. 2, the configuration of the
game device 3 will be described. FIG. 2 is a functional
block diagram of the game device 3.

[0056] Referring to FIG. 2, the game device 3 includes
a CPU (central processing unit) 10, for example, for ex-
ecuting various programs. The CPU 10 executes a boot
program stored in a boot ROM (not shown), thus initial-
izing memory devices, such as a main memory 13, and
then executes a game program stored in the optical disc
4 to perform a game process, etc., according to the game
program. Connected to the CPU 10 via a memory con-
troller 11 are a GPU (Graphics Processing Unit) 12, the
main memory 13, a DSP (Digital Signal Processor) 14,
an ARAM (Audio RAM) 15, etc. The memory controller
11 is connected, via a predetermined bus, to the com-



11 EP 1 900 406 A2 12

munications unit 16, a video I/F (interface) 17, a flash
memory 18, an LED control section 19, an audio I/F 20
andadiscl/F 21. The video I/F (interface) 17 is connected
to the TV 2, an LED control section 19 to the sensor bar
6, the audio I/F 20 to a speaker 2a provided in the TV 2
and to a disc drive 22, and the disc I/F 21 to the disc drive
22.

[0057] The GPU 12 is responsible for image process-
ing based on instructions from the CPU 10, and is a sem-
iconductor chip, for example, capable of computations
necessary for 3D graphics display. The GPU 12 performs
the image process by using a memory dedicated for im-
age processing (not shown) or a part of the memory area
of the main memory 13. The GPU 12 produces game
image data or movie data to be displayed on the TV 2
using these memory areas, and outputs the produced
data to the TV 2 via the memory controller 11 and the
video I/F 17 as necessary.

[0058] The main memory 13 is a memory area used
by the CPU 10, and stores a game program, etc., as
necessary for processes performed by the CPU 10. For
example, the main memory 13 stores the game program
loaded from the optical disc 4 by the CPU 10 and various
data, etc. The game program, the various data, etc.,
stored in the main memory 13 are executed or processed
by the CPU 10.

[0059] The DSP 14 is for processing sound data, etc.,
produced by the CPU 10 when executing the game pro-
gram, and is connected to the ARAM 15 for storing the
sound data, etc. The ARAM 15 is used when the DSP
14 performs a predetermined process (e.g., storing a
game program, sound data, etc., which have beenloaded
inadvance). The DSP 14 reads out the sound data stored
in the ARAM 15, and outputs the sound data through the
speaker 2a via the memory controller 11 and the audio
I/F 19.

[0060] The memory controller 11 is responsible for the
overall control of data transfers, and is connected to the
communications unit 16, the flash memory 18, the LED
control section 19, and the various I/Fs 17, 20 and 21.
[0061] The communications unit 16 is responsible for
data exchanges between the game device 3 and the main
controller 5a. The sub-controller 5b transmits operation
data to the main controller 5a, the operation data repre-
senting the player’s operation on the sub-controller 5b.
The main controller 5a transmits, to the game device 3,
operation data representing the player’s operation on the
main controller 5a and the operation data received from
the sub-controller 5b. Hereinafter, the operation data
from the main controller 5a will be referred to as the "first
operation data", and the operation data from the sub-
controller 5b as the "second operation data". In a case
where the sub-controller 5b can communicate directly
with the game device 3, the sub-controller 5b may trans-
mit the second operation data directly to the game device
3, whereas the main controller 5a transmits only the first
operation data to the game device 3. The communica-
tions unit 16 receives various operation data from the
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main controller 5a, and outputs the received operation
data to the CPU 10 via the memory controller 11. The
CPU 10 performs a game process based on the operation
data. In a case where control data for controlling the op-
eration of the main controller 5a is transmitted to the main
controller 5a, the control data is outputted to the commu-
nications unit 16. The communications unit 16 transmits
the received control data to the main controller 5a.
[0062] The TV 2is connected to the video I/F 17, and
image data produced by the GPU 12 is outputted to the
TV 2 via the video I/F 17. The flash memory 18 serves
as a backup memory for statically storing save data, or
the like. The game device 3 may reproduce a past game
status from save data stored in the flash memory 18 to
obtain a game image for that past game status, and dis-
play the obtained game image on the TV 2. The infrared
LEDs ofthe sensor bar 6 are connected to the LED control
section 19. When turning ON the infrared LEDs, the CPU
10 instructs the LED control section 19 to supply power
tothe infrared LEDs. The LED control section 19 supplies
power to the infrared LEDs in response to the power sup-
ply instruction, thereby turning ON the infrared LEDs. The
speaker 2a provided in the TV 2 is connected to the audio
I/F 20, and the sound data read out by the DSP 14 from
the ARAM 15 and the sound data directly from the disc
drive 22 are outputted from the speaker 2a. The disc
drive 22 is connected to the disc I/F 21. The disc drive
22 reads out data from the optical disc 4, being at a pre-
determined read position, and outputs the data to the
disc I/F 21 and the audio I/F 20.

[0063] The game device 3 also includes a network
communications section (not shown), and is thereby con-
nected to a network such as the Internet. The game de-
vice 3 can send/receive data to/from the outside via the
network communications section.

(Configuration Of Main Controller 5a And Sub-Controller
5b)

[0064] ReferringnowtoFIGs.3t09,the maincontroller
5a and the sub-controller 5b will be described. FIGs. 3
and 4 are perspective views each showing an external
configuration of the main controller 5a. FIG. 3 is a per-
spective view of the main controller 5a as viewed from
the upper rear side, and FIG. 4 is a perspective view
thereof as viewed from the lower front side.

[0065] Referring to FIGs. 3 and 4, the main controller
5a includes a housing 31 formed by molding a plastic
material, for example. The housing 31 has a generally
rectangular parallelepiped shape, with the longitudinal
direction being the front-rear direction (the Z-axis direc-
tion in FIG. 3), and has an overall size such that it can
be held in a hand of an adult or a child. Using the main
controller 5a, the player can perform a game operation
by pressing down buttons provided on the main controller
5a and by moving the main controller 5a itself to change
its position and orientation. For example, the player can
control a control object by turning the main controller 5a
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or by changing the position on the screen pointed at by
the main controller 5a. As used herein, "the position on
the screen pointed at by the main controller 5a" is ideally
the position at which the straight line extending in the
longitudinal direction from the front end of the main con-
troller 5a crosses the screen of the TV 2. However, it
does not have to be precisely the position as long as a
position in the vicinity thereof can be calculated by the
game device 3. Hereinafter, the position on the screen
pointed at by the main controller 5a will be referred to as
"the pointed position (the position pointed at by the con-
troller 5a)". Moreover, the longitudinal direction of the
main controller 5a (the housing 31) may hereinafter be
referred to as "the pointing direction (of the main control-
ler 5a)".

[0066] The housing 31 includes a plurality of control
buttons. Referring to FIG. 3, provided on the upper sur-
face of the housing 31 are a cross-shaped key 32a, a
first button 32b, a second button 32c, an A button 32d,
a minus button 32e, a home button 32f, a plus button
32g, and a power button 32h. The power button 32h is
for remotely turning ON/OFF the power of the game de-
vice 3. Referring to FIG. 4, a depressed portion is formed
on the lower surface of the housing 31, and a B button
32i is provided on a slope on the rear side of the de-
pressed portion. Each of these control buttons 32a to 32i
is assigned a function as specified in the game program
executed by the game device 3. The home button 32f
and the power button 32h are buried under the upper
surface of the housing 31. Thus, it is possible to prevent
the player from unintentionally pressing the home button
32f or the power button 32h.

[0067] A connector 33 is provided on the rear side of
the housing 31. The connector 33 is used for connecting
other units (the sub-controller 5b in the illustrated exam-
ple) to the main controller 5a.

[0068] Moreover, a plurality of (three in FIG. 3) LEDs
34ato 34d are provided on the upper surface of the hous-
ing 31 near the rear end. The main controller 5a is given
a controller ID (number) for identifying the main controller
from others. The LEDs 34 can be used for various pur-
poses, e.g., for notifying the player of the controller ID
being currently assigned to the main controller 5a, and
for notifying the player of the remaining battery capacity
of the main controller 5a. Specifically, when the main
controller 5a is used to perform a game operation, one
of the LEDs 34a to 34d is lit depending on the controller
ID.

[0069] Moreover, the main controller 5a includes an
image capturing/processing section 35 (FIG. 5B), and a
light receiving port 35a of the image capturing/processing
section 35 is provided on the front side of the housing 31
as shown in FIG. 4. The light receiving surface 35a is
made of a material that at least transmits the infrared
light from the markers 6R and 6L.

[0070] Soundslits 31a are formed in the upper surface
of the housing 31 between the first button 32b and the
home button 32f for allowing the sound from a speaker
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49 (FIG. 5A) provided in the main controller 5a to pass
therethrough.

[0071] Referring now to FIGs. 5A and 5B, an internal
configuration of the main controller 5a will be described.
FIGs. 5A and 5B show an internal configuration of the
main controller 5a. FIG. 5A is a perspective view showing
the main controller 5a with an upper casing (a part of the
housing 31) taken off. FIG. 5B is a perspective view show-
ing the main controller 5a with a lower casing (a part of
the housing 31) taken off. FIG. 5A shows one side of a
substrate 30, and FIG. 5B shows the other side thereof.
[0072] In FIG. 5A, the substrate 30 is secured in the
housing 31, and the control buttons 32a to 32h, the LEDs
34a to 34d, an acceleration sensor 37, an antenna 45,
the speaker 49, etc., are provided on the upper principal
plane of the substrate 30. These components are con-
nected to a microcomputer 42 (see FIG. 5B) via lines (not
shown) formed on the substrate 30, etc. In the present
embodiment, the acceleration sensor 37 is located off
the center of the main controller 5a with respect to the
X-axis direction. Therefore, it is easier to calculate the
movement of the main controller 5a when the main con-
troller 5a is turned about the Z axis. Moreover, with a
wireless module 44 (not shown) and the antenna 45, the
main controller 5a can function as a wireless controller.
[0073] Referring to FIG. 5B, the image capturing/
processing section 35 is provided at the front edge on
the lower principal plane of the substrate 30. The image
capturing/processing section 35 includes an infrared filter
38, alens 39, an image sensing device 40 and an image
processing circuit 41 provided in this order from the front
side of the main controller 5a, and these components are
provided on the lower principal plane of the substrate 30.
[0074] The microcomputer 42 and a vibrator 48 are
provided on the lower principal plane of the substrate 30.
The vibrator 48 may be, for example, a vibrating motor
or a solenoid, and is connected to the microcomputer 42
via lines formed on the substrate 30, etc. As the vibrator
48 is actuated by an instruction from the microcomputer
42, the main controller 5a is vibrated, and the vibration
is transmitted to the hand of the player holding the main
controller 5a, thus realizing a video game with vibration
feed back. In the present invention, the vibrator 48 is
located slightly closer to the front side of the housing 31.
As the vibrator 48 is provided closer to an edge of the
main controller 5a away from the center, the entire main
controller 5a can be more violently vibrated by the vibrator
48. The connector 33 is provided at the rear edge on the
lower principal plane of the substrate 30. In addition to
the components shown in FIGs. 5A and 5B, the main
controller 5a includes a quartz oscillator for generating a
basic clock for the microcomputer 42, an amplifier for
outputting a sound signal to the speaker 49, etc.

[0075] Referring now to FIGs. 6 and 7, the sub-con-
troller 5b will be described. FIG. 6 is a perspective view
of the sub-controller 5b. FIG. 7 is a perspective view of
the sub-controller 5b shown in FIG. 6 with an upper cas-
ing (a part of a housing 51) taken off.
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[0076] Referring to FIG. 6, the sub-controller 5b in-
cludes a housing 51 formed by molding a plastic material,
for example. The housing 51 has a streamlined solid
shape with the thickest head portion of the sub-controller
5b being formed at the front end thereof, with the longi-
tudinal direction being the front-rear direction (the Z-axis
direction in FIG. 6), and has an overall size such that it
can be held in a hand of an adult or a child. Using the
sub-controller 5b, the player can perform a game oper-
ation by pressing down buttons provided on the sub-con-
troller 5b and by moving the sub-controller 5b itself to
change its position and orientation. For example, the
player can control a control object by turning the sub-
controller 5b.

[0077] Astick 52ais provided near the thickest portion
on the upper surface of the housing 51. The stick 52a is
protruding from the upper surface of the housing 51 and
can be tilted by the player. When the stick 52a is tilted in
a direction, an operation signal is outputted according to
the tilt direction. For example, as the player specifies a
certain direction or position by tilting the tip of the stick
52a in that direction (the stick 52a can be tilted in any
direction), whereby the player can specify the direction
in which the player character, the cursor, or the like, is
to be moved in the virtual game world.

[0078] AnXbutton52banda button 52care provided
onthe front surface of the housing 51 of the sub-controller
5b. Each of these control buttons 52b and 52c is assigned
a function as specified in the game program executed by
the game device 3. In the exemplary arrangement shown
in FIG. 6, the control buttons 52b and 52c are arranged
next to each other in the up-down direction (the Y-axis
direction in FIG. 6) on the front surface of the housing
51. One end of a cable 54 is connected to the rear end
of the housing 51 of the sub-controller 5b. The other end
of the cable 54 is connected to the connector 53. The
connector 53 has such a shape that it fits in the connector
33 of the main controller 5a. As the connector 53 of the
sub-controller 5b is fitted in the connector 33 of the main
controller 5a, the main controller 5a and the sub-control-
ler 5b are connected to each other.

[0079] InFIG. 7, asubstrate is secured in the housing
51, and the stick 52a, an acceleration sensor 55, etc.,
are provided on the upper principal plane of the substrate.
The stick 52a, the control buttons 52b and 52c¢ and the
acceleration sensor 55 are connected to the cable 54 via
lines (not shown) formed on the substrate, etc.

[0080] The shape of the controllers 5a and 5b, the
shape of the control buttons, the number and arrange-
ment of the acceleration sensors and vibrators, etc., as
shown in FIGs. 3 to 7 are all illustrative, and it is under-
stood that the present invention can be carried out with
any other suitable shape, number and arrangement.
Moreover, the position of the image capturing/processing
section 35 (the light receiving surface 35a of the image
capturing/processing section 35) in the main controller
5a does not have to be on the front surface of the housing
31, but may be on another surface as long as light can
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be taken in from outside the housing 31.

[0081] FIG. 8 is a block diagram showing a configura-
tion of the controllers 5a and 5b. The main controller 5a
includes a control section 32 (the control buttons 32a to
32i), the connector 33, the image capturing/processing
section 35, a communications section 36, and the accel-
eration sensor 37. The main controller 5a transmits data
according to the orientation thereof as the operation data
to the game device 3.

[0082] The control section 32 corresponds to the con-
trol buttons 32a to 32i described above, and outputs data
representing the input state of the control buttons 32a to
32i (i.e., whether the control buttons 32a to 32i are each
being pressed) to the microcomputer 42 of the commu-
nications section 36.

[0083] The acceleration sensor 37 detects the accel-
eration (including the gravitational acceleration) of the
main controller 5a, i.e., the force (including the gravity)
acting upon the main controller 5a. The acceleration sen-
sor 37 detects the value of the acceleration along a
straight line in the sensing axial direction, among other
accelerations acting upon the detector section of the ac-
celeration sensor 37. For example, with a multi-axis ac-
celeration sensor (for two or more axes), the acceleration
component (linear acceleration) along each axis is de-
tected as the acceleration acting upon the detector sec-
tion of the acceleration sensor. For example, the 3- or 2-
axis acceleration sensor 37 may be of the type available
from Analog Devices, Inc., or STMicroelectronics N.V.
[0084] In the present embodiment, the acceleration
sensor 37 detects a linear acceleration with respect to
each of the three axial directions, i.e., the up-down direc-
tion (the Y-axis direction in FIG. 3), the left-right direction
(the X-axis direction in FIG. 3) and the front-rear direction
(the Z-axis direction in FIG. 3) with respect to the main
controller 5a. Since the acceleration sensor 37 detects
a linear acceleration along each axis, the output from the
acceleration sensor 37 represents the value of linear ac-
celeration for each of three axes. Thus, the detected ac-
celeration can be represented by a three-dimensional
vector in an XYZ coordinate system defined with respect
to the main controller 5a. Hereinafter, the term "acceler-
ation vector" is used to refer to a vector whose compo-
nents are the acceleration values for the three axes de-
tected by the acceleration sensor 37.

[0085] The data (acceleration data) representing the
acceleration (acceleration vector) detected by the accel-
eration sensor 37 is outputted to the communications
section 36. In the present embodiment, the acceleration
sensor 37 is used as a sensor for outputting data accord-
ing to the orientation of the main controller 5a. Thus, the
game device 3 calculates the orientation of the main con-
troller 5a based on the acceleration data, and performs
a game process based on the calculated orientation. The
method for calculating the orientation of the main con-
troller 5a will be described later.

[0086] The image capturing/processing section 35 is
a system for analyzing image data obtained by image
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capturing means to determine each spot with high lumi-
nance and then to calculate the centroid, the size, etc.,
of the spot. The image capturing/processing section 35
has a maximum sampling frequency of about 200 frames
per second, for example, and is thus capable of following
fast movements of the main controller 5a.

[0087] The image capturing/processing section 35 in-
cludes the infrared filter 38, the lens 39, the image sens-
ing device 40, and the image processing circuit 41. The
infrared filter 38 passes only an infrared portion of inci-
dent light entering the main controller 5a from the front
side. The lens 39 condenses the infrared light passing
through the infrared filter 38, and outputs the condensed
infrared light onto the image sensing device 40. The im-
age sensing device 40 is a solid-state image sensing
device, such as a CMOS sensor or a CCD sensor, for
capturing the infrared light condensed through the lens
39 to output an image signal. The markers 6R and 6L of
the sensor bar 6 provided around the display screen of
the TV 2 are infrared LEDs outputting infrared light to the
front side of the TV 2. Therefore, with the provision of the
infrared filter 38, the image sensing device 40 produces
image data by capturing only the infrared light that has
passed through the infrared filter 38, whereby it is pos-
sible to more accurately capture the image of the markers
6R and 6L. The image obtained by the image sensing
device 40 will hereinafter be referred to as the "captured
image". The image data produced by the image sensing
device 40 is processed in the image processing circuit
41. The image processing circuit 41 calculates the posi-
tions of the imaging targets (the markers 6R and 6L) in
the captured image. The image processing circuit 41 out-
puts coordinates representing the calculated position to
the microcomputer 42 of the communications section 36.
The coordinate data is transmitted by the microcomputer
42 to the game device 3 as the first operation data. The
coordinates are referred to as the "marker coordinates".
Since the marker coordinates vary according to the di-
rection (orientation) and position of the main controller
5a, the game device 3 can calculate the direction and
position of the main controller 5a based on the marker
coordinates.

[0088] In the present embodiment, the marker coordi-
nate data does not need to be used in the game process.
Therefore, the main controller 5a may not be provided
with the image capturing/processing section 35. In such
a case, the sensor bar 6 is unnecessary.

[0089] The sub-controller 5bincludes a control section
52 (the stick 52a and the control buttons 52b and 52c)
and the acceleration sensor 55. The sub-controller 5b
transmits data according to the orientation thereof to the
game device 3 as the operation data.

[0090] The control section 52 of the sub-controller 5b
corresponds to the stick 52a and the control buttons 52b
and 52c described above. The control section 52 outputs
data representing the input state thereof to the micro-
computer 42 of the communications section 36 via the
connectors 53 and 33. The input state of the control sec-
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tion 52 is, for example, the angle and the direction of the
tilting of the stick 52a, whether the control buttons 52b
and 52c are being pressed down, etc.

[0091] As does the acceleration sensor 37 of the main
controller 5a, the acceleration sensor 55 detects the ac-
celeration (including the gravitational acceleration) of the
sub-controller 5b. In the present embodiment, the accel-
eration sensor 55 detects the linear acceleration for each
of the three axial directions, i.e.-, the up-down direction
(the Y-axis direction in FIG. 6), the left-right direction (the
X-axis direction in FIG. 6) and the front-rear direction (the
Z-axis direction in FIG. 6) with respect to the sub-con-
troller 5b. The acceleration sensor 55 may be the same
sensor as the acceleration sensor 37 of the main con-
troller 5a. The acceleration sensor 55 outputs the accel-
eration data to the microcomputer 42 of the communica-
tions section 36 via the connectors 53 and 33. The ac-
celeration sensor 55 is used as a sensor outputting data
according to the orientation of the sub-controller 5b. Spe-
cifically, the game device 3 calculates the orientation of
the sub-controller 5b based on the acceleration data, and
performs a game process based on the calculated ori-
entation.

[0092] As described above, the sub-controller 5b
transmits the data representing the input state of the con-
trol section 52 and the acceleration data from the accel-
eration sensor 55 to the communications section 36 of
the main controller 5a as the second operation data.
[0093] The communications section 36 includes the
microcomputer 42, a memory 43, the wireless module
44, and the antenna 45. While using the memory 43 as
a storage area when performing a process, the micro-
computer42 controls the wireless module 44, which wire-
lessly transmits data obtained by the microcomputer 42
to the game device 3.

[0094] The data outputted from the control section 32,
the image capturing/processing section 35, and the ac-
celeration sensor 37 to the microcomputer 42 are tem-
porarily stored in the memory 43. These data are trans-
mitted to the game device 3 as the first operation data.
The second operation data transmitted from the sub-con-
troller 5b is temporarily stored in the memory 43. At the
transmission timing for transmitting data to the commu-
nications unit 16 of the game device 3, the microcomputer
42 outputs the first and second operation data stored in
the memory 43 to the wireless module 44. The wireless
module 44 uses a technique such as Bluetooth (regis-
tered trademark) to modulate a carrier of a predetermined
frequency with the operation data, and radiates the weak
radio wave signal from the antenna 45. Thus, each con-
trol data is modulated by the wireless module 44 into a
weak radio wave signal and transmitted from the main
controller 5a. The weak radio wave signal is received by
the communications unit 16 of the game device 3. The
game device 3 can obtain the first and second operation
data by demodulating and decoding the received weak
radio wave signal. The CPU 10 of the game device 3
performs the game process based on the obtained op-
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eration data and the game program. Data are wirelessly
transmitted from the communications section 36 to the
communications unit 16 at regular intervals. Since the
game process typically proceeds in a cycle of 1/60 sec-
ond (being one frame), the interval is preferably less than
or equal to 1/60 second. The communications section 36
of the main controller 5a outputs the operation data to
the communications unit 16 of the game device 3 once
in 0.5 ms, for example.

[0095] By usingthe two controllers 5a and 5b, the play-
er can perform game operations such as changing the
orientation of the controllers 5a and 5b and moving the
controllers 5a and 5b, in addition to the conventional
game operation of pressing control buttons.

[0096] FIG. 9 shows how the game is played using the
two controllers 5a and 5b. Where a game is played on
the game system 1 using the two controllers 5a and 5b,
the player holds the main controller 5a in one hand and
the sub-controller 5b in the other hand, as shown in FIG.
9. In the present embodiment, the player performs game
operations by tilting the controllers 5a and 5b. The details
of the game operations will be described later.

(Method For Calculating Orientation)

[0097] Referring now to FIG. 10, a method for calcu-
lating the inclination of the controller will be described.
FIG. 10 shows different positions of the main controller
5a and corresponding acceleration vectors to be detect-
ed. In FIG. 10, it is assumed that the main controller 5a
is stationary. The position A shownin FIG. 10 is a position
where the upper surface of the main controller 5ais facing
opposite to the direction of gravity, i.e., a position where
the Z axis in the XYZ coordinate system defined with
respect to the main controller 5a extends in the opposite
direction to the direction of gravity. The position A will
hereinafter be referred to as the reference position. In
the present embodiment, the player performs a game
operation by tilting the main controller 5a to turn it about
the X axis orthe Y axis. Thus, in the present embodiment,
the game device 3 calculates the orientation of the con-
troller with respect to the turning thereof about the X axis
or the Y axis.

[0098] Inthe position A, where only the gravity is acting
upon the main controller 5a, the acceleration sensor 37
detects, as the acceleration vector, a three-dimensional
vector A facing in the direction of gravity as shown in FIG.
10. In the position A, the vector A is parallel to the Z axis.
In the present embodiment, the magnitude of the vector
Ais represented as being "1". In the position A, the two-
dimensional vector Ay made of the Xand Y components
of the acceleration vector Ais Ayy=0. Thus, when Ay =0,
it is possible to determine that the main controller 5a is
in the reference position.

[0099] The position B shown in FIG. 10 is a position
where the main controller 5a has been turned about the
Y axis from the reference position. In the position B, the
acceleration vector A is inclined toward the X axis from
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the direction parallel to the Z axis. Then, the two-dimen-
sional vector Ayy is such that the X component value is
not zero and the Y component value is zero. Thus, the
X component value of the acceleration vector varies de-
pending on the orientation of the main controller 5a about
the Y axis (the orientation of the main controller 5a with
respect to the turning thereof about the Y axis). Where
the orientation of the main controller 5a about the Y axis
is changed from -90° to 90° with the reference position
being 0°, the X component value gradually increases
from -1 to 1. For example, the X component value is "-1"
in a position where the main controller 5a is inclined by
-90° about the Y axis, "V2/2 (=~-0.71)" in a position where
the main controller 5ais inclined by -45° about the Y axis,
and "1" in a position where the main controller 5a is in-
clined by 90° about the Y axis. In the angle representa-
tion, a positive value and a negative value represent a
clockwise turning and a counterclockwise turning, re-
spectively, as viewed in the Y axis negative direction. As
described above, it is possible to determine the orienta-
tion of the main controller 5a about the Y axis based on
the X component value of the acceleration vector.
[0100] The position C shown in FIG. 10 is a position
where the main controller 5a has been turned about the
X axis from the reference position. In the position C, the
acceleration vector A is inclined toward the Y axis from
the direction parallel to the Z axis. Then, the two-dimen-
sional vector Ayy is such that the Y component value is
not zero and the X component is zero. Thus, the Y com-
ponent value of the acceleration vector varies depending
on the orientation of the main controller 5a about the X
axis (the orientation of the main controller 5a with respect
to the turning thereof about the X axis). Where the ori-
entation of the main controller 5a about the X axis is
changed from -90° to 90° with the reference position be-
ing 0°, the Y component value gradually increases from
-1to 1. In the angle representation, a positive value and
a negative value represent a clockwise turning and a
counterclockwise turning, respectively, as viewed in the
X axis positive direction. As described above, it is possi-
ble to determine the orientation of the main controller 5a
about the X axis based on the Y component value of the
acceleration vector.

[0101] As described above, in the present embodi-
ment, the game device 3 uses the X component value of
the acceleration vector detected by the acceleration sen-
sor 37 as a value representing the orientation of the main
controller 5aaboutthe Y axis. Moreover, the game device
3 uses the Y component value of the acceleration vector
detected by the acceleration sensor 37 as a value rep-
resenting the orientation of the main controller 5a about
the X axis.

[0102] While the calculation of the orientation of the
main controller 5a is illustrated in FIG. 10, the orientation
of the sub-controller 5b can be calculated similarly. Spe-
cifically, the game device 3 can calculate the orientation
of the sub-controller 5b about the X axis and that about
the Y axis based on the acceleration vector detected by
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the acceleration sensor 55 of the sub-controller 5b.
[0103] Although a capacitance-coupling acceleration
sensor is used for calculating the orientation of the con-
troller in the present embodiment, other types of accel-
eration sensors and gyrosensors may be used. While an
acceleration sensor detects the linear acceleration along
each axis, a gyrosensor detects an angular velocity en-
tailing rotation. Therefore, a gyrosensor and an acceler-
ation sensor cannot simply be replaced by each other as
they detect signals of different natures. In order to calcu-
late the orientation using a gyrosensor instead of an ac-
celeration sensor, substantial changes need to be made.
Specifically, the value of the orientation is initialized at
the beginning of the detection. Then, the angular velocity
data outputted from the gyroscope are integrated togeth-
er. Then, by using the result of integration, the amount
of change in the orientation with respect to the initial value
is calculated. The calculated orientation is represented
in angle.

[0104] As already described above, where the orien-
tation is calculated by an acceleration sensor, the orien-
tation is calculated based on an acceleration vector.
Therefore, the calculated orientation can be represented
by a vector, and an absolute direction can be detected
without initialization. This is a difference between an ac-
celeration sensor and a gyroscope. Moreover, they cal-
culate the orientation in values of different natures, i.e.,
one being an angle and the other being a vector. There-
fore, when an acceleration sensor is replaced by a gyro-
scope, it is necessary to perform a predetermined con-
version on the orientation data.

(Summary Of Game)

[0105] Referring now to FIGs. 11 to 14, the game to
be played with the game device 3 and the game opera-
tions will be described. FIG. 11 shows an example of a
game screen displayed on the TV 2 in this game. As
shown in FIG. 11, this game is a boxing game, where a
right hand object 61, a left hand object 62, a torso object
63, and an enemy object 64 are displayed on the screen.
In this game, the player controls a player object including
the right hand object 61, the left hand object 62 and the
torso object 63 to box with the enemy object 64. In the
present embodiment; the torso object 63 is translucent
(the torso object 63 is drawn with dotted lines in FIG. 11)
so that the player can better see the enemy object 64.

[0106] In this game, there are three objects to be con-
trolled by the player, i.e., the right hand object 61, the left
hand object 62 and the torso object 63. The player uses
the controllers 5a and 5b to perform a first operation of
controlling the position and orientation of the right hand
object 61, a second operation of controlling those of the
left hand object 62, and a third operation of controlling
the position of the torso object 63. Moreover, in the
present embodiment, the player can make the player ob-
ject throw a punch with the right hand object 61 using the
main controller 5a, or make the player object throw a
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punch with the left hand object 62 using the sub-controller
5b.

[0107] In this game, the player is supposed to hold
each controller so that the Z axis of the controller is facing
opposite to the direction of gravity (the reference position)
with the upper surface of the controller facing toward the
player. In such a position, the operation of turning the
controller about the Y axis (the position B shown in FIG.
10) is an operation of tilting the controller left or right as
viewed from the player. Therefore, the operation of turn-
ing the controller about the Y axis will hereinafter be re-
ferred to as the "left-right turning operation". Moreover,
the operation of turning the controller about the X axis
(the position C shown in FIG. 10) is an operation of tilting
the controller forward or backward as viewed from the
player. Therefore, the operation of turning the controller
about the X axis will hereinafter be referred to as the
"front-rear turning operation".

[0108] FIG. 12 shows different game operations to be
performed in the present embodiment. In the present em-
bodiment, when the player is holding each controller in
the reference position, the right hand object 61 and the
left hand object 62 are placed in their reference positions
shown in FIG. 11.

[0109] Referring to FIG. 12, the first operation is an
operation of performing the left-right turning operation
and/or the front-rear turning operation on the main con-
troller 5a (FIG. 12 shows a case where the player per-
forms the left-right turning operation). According to the
first operation, the game device 3 controls the position
and orientation of the right hand object 61. FIG. 13 shows
an example of a game screen when the player performs
the first operation. When the player performs the left-right
turning operation on the main controller 5a, the right hand
object 61 turns about an axis extending in the depth di-
rection of the screen (FIG. 13). In other words, the right
hand object 61 turns clockwise or counterclockwise with
respect to the screen. As a result of the turning, the ori-
entation and position of the right hand object 61 change.
When the player performs the front-rear turning operation
on the main controller 5a, the right hand object 61 turns
about an axis extending in the left-right direction of the
screen. In other words, the right hand object 61 moves
while turning in the front-rear direction of the screen. The
right hand object 61 changes the orientation and position
thereof by an angle corresponding to the angle by which
the main controller 5a is inclined from the reference po-
sition.

[0110] The second operation is an operation of per-
forming the left-right turning operation and/or the front-
rear turning operation on the sub-controller 5b (FIG. 12
shows a case where the player performs the left-right
turning operation). According to the second operation,
the game device 3 controls the position and orientation
of the left hand object 62. The left hand object 62 is con-
trolled in a similar manner to that for the right hand object
61. Specifically, when the player performs the left-right
turning operation on the sub-controller 5b, the left hand



23 EP 1 900 406 A2 24

object 62 turns about an axis extending in the depth di-
rection of the screen. When the player performs the front-
rear turning operation on the sub-controller 5b, the left
hand object 62 turns about an axis extending in the left-
right direction of the screen. The left hand object 62
changes the orientation and position thereof by an angle
corresponding to the angle by which the sub-controller
5b is inclined from the reference position.

[0111] The third operation is an operation of perform-
ing the left-right turning operation and/or the front-rear
turning operation on both the main controller 5a and the
sub-controller 5b (FIG. 12 shows a case where the player
performs the left-right turning operation). According to
the third operation, the game device 3 controls the posi-
tion of the torso object 63. FIG. 14 shows an example of
a game screen when the player performs the third oper-
ation. When the player performs the left-right turning op-
eration on the main controller 5a and the sub-controller
5b, the torso object 63 moves in the left-right direction of
the screen as shown in FIG. 14. When the player per-
forms the front-rear turning operation on the main con-
troller 5a and the sub-controller 5b, the torso object 63
moves in the front-rear direction of the screen. When the
third operation is performed, the orientation of the con-
trollers 5a and 5b changes, whereby the position and
orientation of the right hand object 61 and the left hand
object 62 also change as shown in FIG. 14.

[0112] With the third operation, the control method
used when the left-right turning operation is performed
on the two controllers 5a and 5b is different from that
used when the front-rear turning operation is performed,
the details of which will be described later. Specifically,
when the left-right turning operation is performed, the
game device 3 calculates the degree of similarity be-
tween the orientation of the controller 5a and that of the
controller 5b. Then, the game device 3 controls the po-
sition of the torso object 63 so that the amount of move-
ment of the torso object 63 varies according to the degree
of similarity. When the front-rear turning operation is per-
formed, the game device 3 does not calculate the degree
of similarity.

[0113] As is apparent from the fact that the degree of
similarity is calculated with the left-right turning operation,
the player is required to operate the two controllers 5a
and 5b similarly to some extent in a left-right turning op-
eration. With the front-rear turning operation, the player
is not required to operate the two controllers 5a and 5b
similarly. The third operation does not require the player
to operate the main controller 5a and the sub-controller
5b in exactly the same manner. Therefore, even when
the first operation or the second operation is performed,
it may be determined that the third operation is per-
formed, whereby the torso object 63 is moved.

[0114] Asdescribed above, in the game of the present
embodiment, the right hand object 61 can be controlled
through the first operation of moving the main controller
5a, the left hand object 62 can be controlled through the
second operation of moving the sub-controller 5b, and
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the torso object 63 can be controlled through the third
operation of moving the main controller 5a and the sub-
controller 5b. Thus, with the present embodiment, three
objects can be controlled with a simple configuration us-
ing only two input devices. Moreover, the present em-
bodiment realizes a game operation that is performed by
moving two input devices in a coordinated manner, as in
the third operation.

(Details Of Game Process)

[0115] The game process to be performed by the game
device 3 in the present embodiment will now be de-
scribed. First, important data to be used in the game proc-
ess will be described with reference to FIG. 15. FIG. 15
shows important data to be stored in the main memory
13 of the game device 3. Referring to FIG. 15, the main
memory 13 stores a game program 71, operation data
72,game process data 73, etc. In addition to those shown
in FIG. 15, the main memory 13 also stores other data
necessary for the game process, such as image data of
various objects to be in the game, and data representing
various parameters of the objects.

[0116] At an appropriate point in time after the power
of the game device 3 is turned ON, part or whole of the
game program 71 is loaded from the optical disc 4 and
stored in the main memory 13. The game program 71
includes a program needed for performing the game
process for controlling the objects 61 to 63 according to
the orientation of the controllers 5a and 5b.

[0117] The operation data 72 is first and second oper-
ation data transmitted from the main controller 5a to the
game device 3. The operation data 72 includes first ac-
celeration data 721 and second acceleration data 722.
The first acceleration data 721 is data representing the
acceleration detected by the acceleration sensor 37. The
first acceleration data 721 is data representing a first ac-
celeration vector A1 = (AX1, AY1, AZ1) with respect to
the three (X, Y and Z) axial directions shown in FIG. 3.
The second acceleration data 722 is data representing
the acceleration detected by the acceleration sensor 55.
The second acceleration data 722 is data representing
a second acceleration vector A2 = (AX2, AY2, AZ2) with
respect to the three (X, Y and Z) axial directions shown
in FIG. 6.

[0118] The game process data 73 includes first accel-
eration magnitude data 731, second acceleration mag-
nitude data 732, first orientation data 733, second orien-
tation data 734, X component sum value data 735, Y
component sum value data 736, difference data 737, de-
gree of similarity data 738, right hand object data 739,
left hand object data 740, and torso object data 741.
[0119] The first acceleration magnitude data 731 rep-
resents the magnitude (absolute value) of the first accel-
eration vector A1. The second acceleration magnitude
data 732 represents the magnitude (absolute value) of
the second acceleration vector A2. The acceleration
magnitude data 731 and 732 are used to determine
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whether a punch action should be activated and whether
the objects 61 to 63 should be moved, the details of which
will be described later.

[0120] The first orientation data 733 is data represent-
ing the orientation of the main controller 5a. In the present
embodiment, the first orientation data 733 is data repre-
senting the orientation of the main controller 5a with re-
spect to the turning thereof about the X axis and the Y
axis. As shown in FIG. 10, the orientation of a controller
with respect to the turning thereof about the X axis and
the Y axis is represented by the X component and the Y
component of the acceleration vector. Therefore, in the
present embodiment, the first orientation data 733 rep-
resents the two-dimensional vector A1y, = (AX1, AY1)
made of the X component and the Y component of the
first acceleration vector A1.

[0121] The second orientation data 734 is data repre-
senting the orientation of the sub-controller 5b. In the
present embodiment, the second orientation data 734 is
data representing the orientation of the sub-controller 5b
with respect to the turning thereof about the X axis and
the Y axis. Therefore, in the present embodiment, the
second orientation data 734 represents the two-dimen-
sional vector A2y = (AX2, AY2) made of the X compo-
nent and the Y component of the second acceleration
vector A2.

[0122] The X component sum value data 735 repre-
sents the sum value B (=AX1+AX2) obtained by adding
together the X components of the two two-dimensional
vectors represented by the first orientation data 733 and
the second orientation data 734. The sum value repre-
sents the sum of the degree of inclination of the main
controller 5a with respect to the reference position and
that of the sub-controller 5b. The X component sum value
data 735 is used to calculate the amount by which the
torso object 63 is moved in the left-right direction.
[0123] The Y component sum value data 736 repre-
sents the sum value C (=AY1+AY2) obtained by adding
together the Y components of the two two-dimensional
vectors represented by the first orientation data 733 and
the second orientation data 734. The Y component sum
value data 736 is used to calculate the amount by which
the torso object 63 is moved in the front-rear direction.
[0124] The difference data 737 represents the differ-
ence C (= |AX2|-|AX1]) between absolute values of the
X components of the two two-dimensional vectors rep-
resented by the first and second orientation data 733 and
734. The difference data 737 is used to calculate the
degree of similarity to be described later.

[0125] The degree of similarity data 738 represents
the degree of similarity between the orientation of the
main controller 5a and the orientation of the sub-control-
ler 5b. In the presentembodiment, the degree of similarity
D is calculated as D=1-|C|.

[0126] The right hand object data 739 is data repre-
senting the position and orientation of the right hand ob-
ject 61 in the game space. The left hand object data 740
is data representing the position and orientation of the
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left hand object 62 in the game space. The torso object
data 741 is data representing the position of the torso
object 63 in the game space.

[0127] Referring now to FIGs. 16 to 19, the details of
the process performed by the game device 3 will be de-
scribed. FIG. 16 is a main flow chart showing the flow of
the process performed by the game device 3. When the
power of the game device 3 is turned ON, the CPU 10
of the game device 3 executes a boot program stored in
a boot ROM (not shown), thus initializing various units
such as the main memory 13. The game program stored
in the optical disc 4 is loaded to the main memory 13,
and the CPU 10 starts executing the game program. The
flow chart of FIG. 16 shows the process performed after
the completion of the process described above.

[0128] First in step S1 of the game process shown in
FIG. 16,the CPU 10 obtains firstand second acceleration
data. Specifically, the communications unit 16 receives
the first and second operation data transmitted from the
main controller 5a, and the acceleration data contained
in each operation data is stored in the main memory 13.
The acceleration data is obtained each time step S1 is
performed, and only the latest (lastly-obtained) first and
second acceleration data are stored in the main memory
13.

[0129] Then, in step S2, the CPU 10 calculates the
magnitudes (absolute values) of the first and second ac-
celeration vectors. Specifically, the CPU 10 calculates
the absolute value of the first acceleration vector A1 rep-
resented by the first acceleration data 721 stored in the
main memory 13, and data representing the calculated
absolute value is stored in the main memory 13 as the
first accelerationmagnitude data 731. Moreover, the ab-
solute value of the second acceleration vector A2 repre-
sented by the second acceleration data 722 stored in the
main memory 13 is calculated, and data representing the
calculated absolute value is stored in the main memory
13 as the second acceleration magnitude data 732.
[0130] Then, in step S3, the CPU 10 determines
whether a punch operation is performed with the main
controller 5a. In the present embodiment, a punch oper-
ation is defined as an operation of rapidly moving the
controller. Therefore, the determination of step S3 can
be made based on whether the main controller 5a is
moved rapidly. If the main controller 5a is moved rapidly,
an inertial force is applied to the acceleration sensor 37
of the main controller 5a, whereby the magnitude of the
acceleration vector detected by the acceleration sensor
37 is greater than a predetermined value. Thus, it is pos-
sible to determine whether a punch operation is per-
formed based on the magnitude of the acceleration vec-
tor. Therefore, the determination of step S3 is made
based on the first acceleration magnitude data 731. Spe-
cifically, it is determined that a punch operation is per-
formed when the value represented by the first acceler-
ation magnitude data 731 is greaterthan a predetermined
value. It is determined a punch operation has not been
performed when the value represented by the first accel-
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eration magnitude data 731 is less than or equal to the
predetermined value. If the determination result of step
S3is true, the process proceeds to step S4. If the deter-
mination result of step S3 is false, the process proceeds
to step S5.

[0131] Whetherthe main controller 5ais moved rapidly
can also be determined based on whether the magnitude
of the acceleration vector is changing rapidly. Therefore,
in other embodiments, the amount of change in the mag-
nitude of the acceleration vector may be calculated,
which being greater than a predetermined amountmeans
that a punch operation is performed, and vice versa.
[0132] While the determination of step S3 is made
based on the magnitude of the three-dimensional accel-
eration vector A1 in the present embodiment, the deter-
mination of step S3 may be made based on the magni-
tude of a vector representing one or two of the compo-
nents of the acceleration vector A1.

[0133] Instep S4,the CPU 10 makes the player object
throw a punch with the right hand object 61. Therefore,
the right hand object 61 moves toward, and then back
from, the enemy object 64 by a predetermined distance.
The CPU 10 displays, on the TV 2, the punch action in
an animation representation of a plurality of frames.
When a punch is thrown, the CPU 10 performs the proc-
ess of determining whether the right hand object 61 has
hit the enemy object 64, and if so, the process of calcu-
lating the resulting amount of damage on the enemy ob-
ject 64. These processes can be realized in a manner
similar to that of conventional boxing games, and will not
be further described below. Step S4 is followed by step
S8.

[0134] In step S5, the CPU 10 determines whether a
punch operation is performed with the sub-controller 5b.
The determination of step S5 can be made in a manner
similar to that for step S3 as described above. Step S5,
being a process for the sub-controller 5b, is performed
as described above for step S3, except that the second
acceleration magnitude data 732 is used instead of the
first acceleration magnitude data 731. If the determina-
tion result of step S5 is true, the process proceeds to step
S6. If the determination result of step S5 is false, the
process proceeds to step S7.

[0135] Instep S6, the CPU 10 makes the player object
throw a punch with the left hand object 62. Step S6 is
similar to step S4 except that the left hand object 62 is
moved instead of the right hand object 61. Step S6 is
followed by step S8.

[0136] In step S7, the CPU 10 performs the object
movement process. The object movement process is a
process of moving the objects 61 to 63, which together
form the player object. Referring now to FIG. 17, the de-
tails of the object movement process will be described.
[0137] FIG. 17 is a flow chart showing the flow of the
object movement process (step S7) shown in FIG. 16.
First, in step S11 of the object movement process, the
CPU 10 calculates the orientation of the main controller
5a about the X axis and the Y axis. The orientation is
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calculated based on the first acceleration data 721. Spe-
cifically, the CPU 10 calculates the two-dimensional vec-
tor Alyy = (AX1, AY1) made of the X component and the
Y component of the first acceleration vector A1 repre-
sented by the first acceleration data 721. The data rep-
resenting the calculated two-dimensional vector Alyy is
stored in the main memory 13 as the first orientation data
733.

[0138] Then, in step S12, the CPU 10 calculates the
orientation of the sub-controller 5b about the X axis and
the Y axis. The orientation is calculated based on the
second acceleration data 722. Specifically, the CPU 10
calculates the two-dimensional vector A2yy = (AX2, AY2)
made of the X component and the Y component of the
second acceleration vector A2 represented by the sec-
ond acceleration data 722. The data representing the
calculated two-dimensional vector A2y is stored in the
main memory 13 as the second orientation data 734.
[0139] Then, in step S13, the CPU 10 performs the
first movement process. The first movement process is
a process of moving the torso object 63 in the game
space. The details of the first movement process will now
be described with reference to FIG. 18.

[0140] FIG. 18 is a flow chart showing the flow of the
first movement process (step S13) shown in FIG. 17.
First, in step S21 of the first movement process, the CPU
10 calculates the sum value obtained by adding together
the inclination of the main controller 5a about the Y axis
and the inclination of the sub-controller 5b about the Y
axis. The inclination of the controller (about the Y axis)
as used herein refers to the degree of the inclination with
respect to the reference position. The sum value is cal-
culated using the first orientation data 733 and the second
orientation data 734 stored in the main memory 13. Spe-
cifically, the sum value is the sum of the X component
(AX1) of the two-dimensional vector A1y, represented
by the first orientation data 733 and the X component
(AX2) of the two-dimensional vector A2y represented
by the second orientation data 734. Thus, the sum value
BX is calculated as shown in Expression 1 below:

BX=AX1+AX2 Exp. 1

The data representing the calculated sum value is stored
in the main memory 13 as the X component sum value
data 735.

[0141] Then, in step S22, the CPU 10 calculates the
sum value of the inclination of the main controller 5a
about the X axis and the inclination of the sub-controller
5b about the X axis. The inclination of the controller
(about the X axis) as used herein refers to the degree of
inclination with respect to the reference position. The sum
value is calculated using the first orientation data 733
and the second orientation data 734 stored in the main
memory 13. Specifically, the sum value is the sum of the
Y component (AY1) of the two-dimensional vector A1y
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represented by the first orientation data 733 and the Y
component (AY2) of the two-dimensional vector A2y
represented by the second orientation data 734. Thus,
the sum value BY is calculated as shown in Expression
2 below:

BY=AY1+AY2 Exp. 2

The data representing the calculated sum value is stored
in the main memory 13 as the Y component sum value
data 736.

[0142] Then, in step S23, the CPU 10 calculates the
difference obtained by subtracting the absolute value of
the inclination of the main controller 5a about the Y axis
from that of the sub-controller 5b. The difference is cal-
culated using the first orientation data 733 and the second
orientation data 734 stored in the main memory 13. Spe-
cifically, the difference C is calculated as shown in Ex-
pression 3 below:

C=|{AX2|-1AX1| Exp. 3

The data representing the calculated difference is stored
in the main memory 13 as the difference data 737. In the
present embodiment, the difference C is calculated using
the absolute values of the inclinations of the controllers
5a and 5b about the Y axis for the purpose of calculating
the degree of similarity without distinguishing whether
the controller is tilted clockwise or counterclockwise with
respect to the reference position. Therefore, in a case
where the main controller 5a is tilted by 30° clockwise
and the sub-controller 5b is tilted by 30° counterclock-
wise, the difference C is "0". In other embodiments, the
difference C may be calculated by using the inclinations
(not the absolute values thereof) of the controllers 5a and
5b about the Y axis. Then, it is possible to calculate the
degree of similarity while distinguishing whether the con-
troller is tilted clockwise or counterclockwise.

[0143] Then, in step S24, the CPU 10 calculates the
degree of similarity. The degree of similarity as used in
the present embodiment refers to the degree of similarity
between the orientation of the main controller 5a and the
orientation of the sub-controller 5b. The degree of simi-
larity is calculated using the difference data 737 stored
in the main memory 13. Specifically, the degree of sim-
ilarity D is calculated as shown in Expression 4 below:

D=1-|C| Exp. 4

The data representing the calculated degree of similarity
D is stored in the main memory 13 as the degree of sim-
ilarity data 738.
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[0144] Then, in step S25, the CPU 10 calculates the
amount by which the torso object 63 is moved in the side-
ward direction. The sideward direction as used herein
refers to the left-right direction of the torso object 63 and
is also the left-right direction of the screen. The amount
of movement is calculated using the X component sum
value data 735 and the degree of similarity data 738
stored in the main memory 13. Specifically, the amount
of movement is calculated in such a manner that it is
greater as the sum value BX represented by the X com-
ponent sum value data 735 is greater and is greater as
the value of the degree of similarity data 738 is greater.
For example, the amount of movement can be calculated
by multiplying the product between the sum value BX
and the degree of similarity D by a predetermined con-
stant. Alternatively, the amount of movement may be cal-
culated by multiplying sum value BX by a predetermined
constant only if the degree of similarity D is greater than
a predetermined value, whereas the amount of move-
ment is set to zero if the degree of similarity D is less
than or equal to the predetermined value. As described
above with respect to step S21, the sum value BX is
calculated based on the orientation of the main controller
5a and the orientation of the sub-controller 5b. Thus, the
amount of movement is calculated based on the orien-
tations of the two controllers 5a and 5b and degree of
similarity.

[0145] Then, in step S26, the CPU 10 calculates the
amount of movement in the front-rear direction of the
torso object 63. The front-rear direction as used herein
refers to the front-rear direction of the torso object 63 and
is the depth direction of the screen. The amount of move-
ment is calculated using the Y component sum value
data 736 stored in the main memory 13. Specifically, the
amount of movement is calculated in such a manner that
it is greater as the sum value BY represented by the Y
component sum value data 736 is greater. As described
above with respect to step S22, the sum value BY is
calculated based on the orientation of the main controller
5a and the orientation of the sub-controller 5b. Therefore,
the amount of movement is calculated based on the ori-
entations of the two controllers 5a and 5b.

[0146] In the present embodiment, the amount by
which the torso object 63 is moved in the sideward direc-
tion is calculated using the degree of similarity with re-
spect to the inclination about the Y axis. In other embod-
iments, the amount of movement in the front-rear direc-
tion can also be calculated using the degree of similarity.
Specifically, the game device 3 may calculate the degree
of similarity with respect to the inclination about the X
axis, and determine the amount by which the torso object
63 is moved in the front-rear direction by using the degree
of similarity. Then, the amount of movement in the front-
rear direction is calculated in such a manner that it is
greater as the degree of similarity with respect to the
inclination about the X axis is greater. The degree of sim-
ilarity with respect to the inclination about the X axis can
be calculated using the Y component (AY1, AY2) of the
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acceleration vector, just as the degree of similarity with
respect to the inclination about the Y axis is calculated
using the X component (AX1, AX2) of the acceleration
vector.

[0147] Iftwo degrees of similarity, i.e., one with respect
to the inclination about the X axis and another with re-
spect to the inclination about the Y axis, are used, they
can be calculated separately, and the amount of move-
ment of the torso object 63 in the sideward direction and
that in the front-rear direction can be calculated sepa-
rately. In other embodiments, the amount of movement
of the torso object 63 in the sideward direction and that
in the front-rear direction can be calculated together.
Specifically, the game device 3 calculates the degree of
similarity between the XY component A1yy of the accel-
eration vector corresponding to the orientation of the
main controller 5a and the XY component A2y of the
acceleration vector corresponding to the orientation of
the sub-controller 5b. For example, the degree of simi-
larity may be calculated as the difference between the
two vectors Alyy and A2y (a vector representing the
difference), or may be calculated as the angular differ-
ence between the two vectors A1yy and A2yy. The de-
gree of similarity is calculated in such a manner that it is
greater (higher) as the difference (angular difference) is
smaller. Then, the game device 3 corrects the tentative
amount of movement calculated based on the vector
A1y and/or the vector A2y according to the calculated
degree of similarity, thus determining the amount of
movement.

[0148] Instep S27,the CPU 10 calculates the position
of the torso object 63 based on the amount of movement
calculated in steps S25 and S26. Specifically, the new
position of the torso object 63 is determined to be a po-
sition shifted from the position represented by the torso
object data 741 stored in the main memory 13 by the
amount of movement calculated in steps S25 and S26.
The data representing the determined new position is
stored in the main memory 13 as the new torso object
data 741, replacing the previous data. In other embodi-
ments, the position and orientation of the torso object 63
may be calculated based on the amount of movement
calculated in steps S25 and S26. For example, the ori-
entation of the torso object 63 may be changed if the
amount of movement is smaller than a predetermined
value, and the position of the torso object 63 may be
changed if the amount of movement is greater than or
equal to the predetermined value. After step S27, the
CPU 10 exits the first movement process.

[0149] Referring backto FIG. 17, in step S14 following
step S13, the CPU 10 performs the second movement
process. The second movement process is a process of
moving the right hand and left hand objects 61 and 62 in
the game space. The details of the second movement
process will now be described with reference to FIG. 19.
[0150] FIG. 19 is a flow chart showing the flow of a
second movement process (step S14) shown in FIG. 17.
First, in step S31 of the second movement process, the

10

15

20

25

30

35

40

45

50

55

17

32

CPU 10 calculates the inclination (orientation) of the right
hand object 61. The inclination of the right hand object
61 is calculated based on the first orientation data 733
stored in the main memory 13. Specifically, the inclination
of the right hand object 61 about an axis vertical to the
screen is calculated based on the X component of the
two-dimensional vector represented by the first orienta-
tion data 733. The inclination of the right hand object 61
about an axis parallel to the left-right direction of the
screen is calculated based on the Y component of the
two-dimensional vector.

[0151] Then, in step S32, the CPU 10 calculates the
position of the right hand object 61 in the game space.
The position is calculated based on the inclination calcu-
lated in step S31. In the presentembodiment, the position
of the right hand object 61 is uniquely determined to be
an appropriate position for the inclination. The data rep-
resenting the inclination and the position calculated in
steps S31 and S32 is stored in the main memory 13 as
the right hand object data 739.

[0152] In step S33, the CPU 10 calculates the inclina-
tion (orientation) of the left hand object 62. The inclination
of the left hand object 62 is calculated based on the sec-
ond orientation data 734 stored in the main memory 13.
Specifically, the inclination of the left hand object 62 about
an axis vertical to the screen is calculated based on the
X component of the two-dimensional vector represented
by the second orientation data 734. The inclination of the
left hand object 62 about an axis parallel to the left-right
direction of the screen is calculated based on the Y com-
ponent of the two-dimensional vector.

[0153] Then, in step S34, the CPU 10 calculates the
position of the left hand object 62 in the game space. The
position is calculated based on the inclination calculated
in step S33. In the present embodiment, the position of
the left hand object 62 is uniquely determined to be an
appropriate position for the inclination. The data repre-
senting the inclination and the position calculated in steps
S33 and S34 is stored in the main memory 13 as the left
hand object data 740. After step S34, the CPU 10 exits
the second movement process. Referring back to FIG.
17, after the second movement process (step S14), the
CPU 10 exits the object movement process.

[0154] ReferringbacktoFIG. 16, afterthe object move-
ment process (step S7), the process proceeds to step
S8. In step S8, a game image reflecting the game oper-
ation by the player is produced, and the produced game
image is displayed on the screen of the TV 2. The game
image is produced by using the object data 739 to 741
stored in the main memory 13 in the object movement
process step S7. Specifically, the game image is pro-
duced and displayed so that the objects 61 to 63 are in
their positions and orientations as represented by the
object data 739 to 741, respectively. Before step S8, the
CPU 10 performs the process of controlling the action of
the enemy object 64, the process of determining whether
a punch from the enemy object 64 has hit the player ob-
ject, the process of calculating the amount of damage on
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the player object when the punch hits the player object,
etc. The game image reflects the results of these proc-
esses.

[0155] Then, in step S9, the CPU 10 determines
whether the game is over. For example, the determina-
tion of step S9 is made based on criteria such as whether
the player object or the enemy object has received a pre-
determined amount of damage or a predetermined
amount of time has elapsed since the start of the game.
If the determination result of step S9 is false, the process
returns to step S1. Thereafter, steps S1to S9 are repeat-
ed until the determination result of step S9 is true. When
the determination result of step S9 is true, the CPU 10
exits the game process shown in FIG. 16.

[0156] In the game process as described above, the
player performs game operations by performing the left-
right turning operation and the front-rear turning opera-
tion on the main controller 5a and the sub-controller 5b.
Specifically, when the left-right turning operation and/or
the front-rear turning operation is performed on the main
controller 5a, the position and orientation of the right hand
object 61 are changed through the second movement
process (step S14) (steps S31 and S32). When the left-
right turning operation and/or the front-rear turning oper-
ation is performed on the sub-controller 5b, the position
and orientation of the left hand object 62 are changed by
the second movement process (step S14) (steps S33
and S34). When the left-right turning operation and/or
the front-rear turning operation is performed on both the
main controller 5a and the sub-controller 5b, the position
of the torso object 63 is changed through the first move-
ment process (step S13) (steps S26 and S27). Thus, in
the present embodiment, the player can control three ob-
jects (the objects 61 to 63) with two input devices (the
controllers 5a and 5b). In other words, with the present
embodiment, three objects can be controlled with a sim-
ple configuration using only two input devices.

[0157] Moreover, in the present embodiment, the
movement of the torso object 63 reflects the degree of
similarity as described above. Specifically, the amount
of movement of the torso object 63 is greater as the de-
gree of similarity is greater (step S25). Therefore, the
torso object 63 moves over a greater distance when the
two controllers 5a and 5b are tilted similarly, and the torso
object 63 moves over a shorter distance when the incli-
nations (orientations) of the two controllers 5a and 5b
differ from each other. Therefore, if the player controls
the two controllers 5a and 5b in the same manner with
an intention to move the torso object 63, the degree of
similarity will be high, whereby there will be a greater
amount of movement of the torso object 63. If the player
does not intend to move the torso object 63, the degree
of similarity will be small, whereby there will be little move-
ment of the torso object 63. For example, when the player
moves only one of the two controllers 5a and 5b or moves
the two controllers 5a and 5b differently (e.g., performing
the left-right turning operation on one controller and the
front-rear turning operation on the other controller), there
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will be little movement of the torso object 63. As described
above, in the present embodiment, the degree of simi-
larity is used for the third operation where the two con-
trollers 5a and 5b are used, whereby the third operation
can be clearly distinguished from the first and second
operations where one controller is used. Thus, the player
can perform the three types of operations independently,
thereby facilitating the control of the three control objects.
[0158] In the present embodiment, it is determined
whether a punch operation is performed with the main
controller 5a or the sub-controller 5b (step S3, S5). When
a punch operation is performed-(when the determination
result of step S3 or S5 is true), the object movement
process (step S7) is not performed. While a punch oper-
ation is being performed, the controller is being moved
rapidly, whereby it is likely that the orientation of the con-
troller cannot be calculated correctly. If the orientation of
the controller cannot be calculated correctly, an operation
notintended by the player may be performed. Therefore,
in the present embodiment, the object movement proc-
ess is not performed while a punch operation is per-
formed, thereby preventing the orientation of the control-
ler from being calculated incorrectly. Thus, it is possible
to prevent an operation not intended by the player. More-
over, itis possible to clearly distinguish between a punch
operation and an object moving operation.

[0159] While the present embodiment is directed to a
boxing game, the present invention is applicable to other
types of video games. For example, the presentinvention
is applicable to a video game where the player controls
an object having a sword and a shield. Specifically, the
present invention can be applied to a video game where
the right hand holding a sword, the left hand holding a
shield, and the torso are controlled by using the main
controller 5a and the sub-controller 5b, whereby similar
effects to those described above can be realized. The
present invention is also applicable to video games
where the player controls a car, e.g., racing games. Spe-
cifically, the steering wheel may be controlled through an
operation similar to the third operation using the main
controller 5a and the sub-controller 5b, while the player
may change gear through an operation similar to the
punch operation using the main controller 5a or the sub-
controller 5b.

[0160] In the present embodiment, the orientation of
the controller is calculated by using an acceleration sen-
sor, and the game process is performed based on the
orientation of the controller. Moreover, the degree of sim-
ilarity between the orientations of two controllers is cal-
culated. In other embodiments, the amount of change in
the orientation of each controller over a predetermined
unit amount of time (e.g., one frame) may be calculated
so as to calculate the degree of similarity between the
controllers with respect to the amount of change in the
orientation. The amount of change in the orientation may
be calculated in such a manner that the amount of change
with respect to the inclination (orientation) about the X
axis and the amount of change in the inclination (orien-
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tation) about the Y axis are calculated separately, or they
may be calculated together as a single amount of change.
Inthe former case, the amount of change in the inclination
about the X axis, for example, can be represented as the
difference between the Y component of the acceleration
vector obtained in step S1 shown in FIG. 16 and the Y
component of the acceleration vector obtained in step
S1 in the next iteration. In the latter case, the amount of
change can be represented as the difference between
the XY component of the acceleration vector obtained in
step S1 shown in FIG. 16 and the XY component of the
acceleration vector obtained in step S1 in the next itera-
tion. The difference may be a difference between two
vectors, or an angular difference therebetween. The de-
gree of similarity is calculated based on the difference
between the amounts of change calculated for the two
controllers as described above. Specifically, the degree
of similarity is calculated in such a mannerthatitis greater
(higher) as the difference is smaller.

[0161] In other embodiments, the movement of each
controller may be calculated, instead of the orientation
thereof, and the game process may be performed based
onthe movement of the controllers. Moreover, the degree
of similarity in movement between the two controllers
may be calculated. Specifically, the direction in which a
controller is moved (or swung) can be calculated by using
an acceleration sensor. The movement of a controller
may also be represented as the amount of change in the
acceleration vector over a unit amount of time. For ex-
ample, in a boxing game of the present embodiment, a
punch may be thrown with the right hand object 61 in a
direction according to the direction in which the main con-
troller 5a is moved, and a punch may be thrown with the
left hand object 62 in a direction according to the direction
in which the sub-controller 5b is moved. Moreover, the
torso object 63 may be moved in a direction according
to the direction in which the main controller 5a and the
sub-controller 5b are moved. Moreover, the amount of
movement of the torso object 63 may be determined while
reflecting the degree of similarity, as described above.
The degree of similarity may be calculated based on the
difference between the vector representing the direction
of movement of the main controller 5a and that of the
sub-controller 5b, or based on the angular difference be-
tween the direction of movement of the main controller
5a and that of the sub-controller 5b. Specifically, the de-
gree of similarity may be calculated in such a manner
that the degree of similarity is greater (higher) as the an-
gular difference is smaller.

[0162] As described above, the present invention can
be used in a game device or a game program, for exam-
ple, aiming at realizing a video game where the player
can control a plurality of objects with a simple configura-
tion

[0163] While the invention has been described in de-
tail, the foregoing description is in all aspects illustrative
and not restrictive. It is understood that numerous other
modifications and variations can be devised without de-
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parting from the scope of the invention.

Claims

1.

A computer-readable storage medium, storing a
game program to be executed by a computer of a
game device for performing a game process based
on data outputted from a first sensor (37) and data
outputted from a second sensor (55), wherein the
first sensor outputs first data (721) representing a
value according to an orientation or movement of a
firstinput device (5a) and the second sensor outputs
second data (722) representing a value according
to an orientation or movement of a second input de-
vice (5b), the program instructing the computer to
perform:

a data obtaining step (S1) of obtaining the first
data and the second data;

a similarity degree calculating step (S11, S12,
S21, S23, S24) of calculating, based on the first
data and the second data, a degree of similarity
between a state of the first input device with re-
spectto the orientation or movementthereof and
a state of the second input device with respect
to the orientation or movement thereof;

a change amount calculating step (S25) of cal-
culating, based on at least one of the first data
and the second data, an amount of change by
which to change a value of a game parameter
tobe used inthe game process in such amanner
that the amount of change is greater as the de-
gree of similarity is greater.

The storage medium according to claim 1, wherein
in the change amount calculating step, the computer
calculates an amount of movement by which to move
a first object (63) in a game space in such a manner
that the amount of movement is greater as the de-
gree of similarity is greater.

The storage medium according to claim 2, wherein
the game program instructs the computer to further
perform an object movement step of moving a sec-
ond object (61) in the game space based on the first
data and moving a third object (62) in the game space
based on the second data.

The storage medium according to claim 3, wherein:

the first object is an object representing a torso
or a head of a human-shaped character; and
one of the second object and the third object is
an object representing a right hand of the hu-
man-shaped character and the other is an object
representing a left hand thereof.
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5. The storage medium according to claim 1, wherein:

the first sensor is an acceleration sensor output-
ting datarepresenting an acceleration as the first
data; and

the second sensoris an acceleration sensor out-
putting data representing an acceleration as the
second data.

6. The storage medium according to claim 5, wherein

the game program instructs the computer to further
perform:

a first determination step (S3) of determining,
based on the first data, whether the first input
device is subjected to an operation that gives a
rapid change to an orientation or position of the
first input device, the degree of rapidness of the
rapid change being greater than or equal to a
predetermined degree; and

a second determination step (S5) of determin-
ing, based on the second data, whether the sec-
ond input device is subjected to an operation
that gives a rapid change to an orientation or
position of the second input device, the degree
of rapidness of the rapid change being greater
than or equal to a predetermined degree,

wherein in the similarity degree calculating step, the
computer calculates a degree of similarity between
the orientation of the firstinput device and that of the
second input device only if a determination result of
the first determination step and that of the second
determination step are both false.

The storage medium according to claim 6, wherein
the game program instructs the computer to further
perform an action control step (S4 or S6) of activating
a predetermined action of the first object or other
objects only if at least one of the determination result
of the first determination step and that of the second
determination step is true,

wherein in the change amount calculating step, the
computer calculates, as the amount of change, an
amount of movement by which the first object is
moved in a game space only if the determination
result of the first determination step and that of sec-
ond determination step are both false.

The storage medium according to claim 5, wherein:

the first data represents an acceleration value
with respect to a predetermined single axial di-
rection with reference to the first input device;
the second data represents an acceleration val-
ue with respect to a predetermined single axial
direction with reference to the second input de-
vice; and
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in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on a difference between the value of the first
data and the value of the second data.

The storage medium according to claim 8, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
difference is smaller.

The storage medium according to claim 5, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second datarepresents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on a difference between the vector represented
by the first data and the vector represented by
the second data.

The game program according to claim 10, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
difference between the vectors is smaller.

The storage medium according to claim 5, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second datarepresents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on a difference between a vector representing
an amount of change in the vector represented
by the first data over a predetermined amount
of time and a vector representing an amount of
change in the vector represented by the second
data over the predetermined amount of time.

The storage medium according to claim 12, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
difference between the vectors is smaller.

14. The storage medium according to claim 5, wherein:

the first data represents a vector whose compo-
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nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second data represents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on an angular difference between a vector rep-
resenting an amount of change in the vector rep-
resented by the first data over a predetermined
amount of time and a vector representing an
amount of change in the vector represented by
the second data over the predetermined amount
of time.

The storage medium according to claim 14, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
angular difference between the vectors is smaller.

The storage medium according to claim 5, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second data represents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on an angular difference between a vector rep-
resented by the first data and a vector repre-
sented by the second data.

The storage medium according to claim 16, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
angular difference between the vectors is smaller.

The storage medium according to claim 1, wherein:

the first sensor outputs vector data representing
an orientation of the first input device as the first
data;

the second sensor outputs vector data repre-
senting an orientation of the second input device
as the second data; and

in the similarity degree calculating step, the com-
puter calculates a degree of similarity between
an orientation of the first input device and an
orientation of the second input device.

A computer-readable storage medium, storing a
game program to be executed by a computer of a
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game device for performing a game process based
on data outputted from a first sensor (37) and data
outputted from a second sensor (55), wherein the
first sensor outputs first data (721) representing a
value according to an orientation or movement of a
firstinput device (5a) and the second sensor outputs
second data (722) representing a value according
to an orientation or movement of a second input de-
vice (5b), the program instructing the computer to
perform:

a data obtaining step (S1) of obtaining the first
data and the second data;

a similarity degree calculating step (S11, S21,
S23, S24) of calculating, based on the first data
and the second data, a degree of similarity be-
tween a state of the firstinput device with respect
to the orientation or movement thereof and a
state of the second input device with respect to
the orientation or movement thereof;

a first game process step (S14) of performing a
first game process based on the first data or the
second data; and

a second game process step (S25, S26, S27)
of performing a second game process based on
the first data and the second data only if a value
of the degree of similarity is greater than a pre-
determined value.

20. The storage medium according to claim 19, wherein

in the second game process step, the computer per-
forms, as the second game process, a process of
calculating, based on at least one of the first data
and the second data, an amount of change by which
to change a value of a game parameter to be used
in the game process in such a manner that the
amount of change is greater as the degree of simi-
larity is greater.

21. The storage medium according to claim 19, wherein:

the first sensor is an acceleration sensor output-
ting datarepresenting an acceleration as thefirst
data; and

the second sensor is an acceleration sensor out-
putting data representing an acceleration as the
second data.

22. The storage medium according to claim 21, wherein:

the first data represents an acceleration value
with respect to a predetermined single axial di-
rection with reference to the first input device;
the second data represents an acceleration val-
ue with respect to a predetermined single axial
direction with reference to the second input de-
vice; and

in the similarity degree calculating step, the com-



23.

24,

25,

26.

27.

28.

41 EP 1 900 406 A2

puter calculates the degree of similarity based
on a difference between a value of the first data
and a value of the second data.

The storage medium according to claim 22, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
difference is smaller.

The storage medium according to claim 21, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second data represents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on a difference between a vector represented
by the first data and a vector represented by the
second data.

The storage medium according to claim 24, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
difference between the vectors is smaller.

The storage medium according to claim 21, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second data represents a vectorwhose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on a difference between a vector representing
an amount of change in the vector represented
by the first data over a predetermined amount
of time and a vector representing an amount of
change in the vector represented by the second
data over the predetermined amount of time.

The storage medium according to claim 26, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
difference between the vectors is smaller.

The storage medium according to claim 21, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
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plurality of predetermined axial directions with
reference to the first input device;

the second data represents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on an angular difference between a vector rep-
resenting an amount of change in the vector rep-
resented by the first data over a predetermined
amount of time and a vector representing an
amount of change in the vector represented by
the second data over the predetermined amount
of time.

The storage medium according to claim 28, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
angular difference between the vectors is smaller.

The storage medium according to claim 21, wherein:

the first data represents a vector whose compo-
nents are acceleration values with respect to a
plurality of predetermined axial directions with
reference to the first input device;

the second datarepresents a vector whose com-
ponents are acceleration values with respect to
a plurality of predetermined axial directions with
reference to the second input device; and

in the similarity degree calculating step, the com-
puter calculates the degree of similarity based
on an angular difference between a vector rep-
resented by the first data and a vector repre-
sented by the second data.

The storage medium according to claim 30, wherein
the degree of similarity calculated in the similarity
degree calculating step takes a higher value as the
angular difference between the vectors is smaller.

The storage medium according to claim 19, wherein:

the first sensor outputs vector data representing
an orientation of the first input device as the first
data;

the second sensor outputs vector data repre-
senting an orientation of the second input device
as the second data; and

in the similarity degree calculating step, the com-
puter calculates a degree of similarity between
an orientation of the first input device and an
orientation of the second input device.

A game device for performing a game process based
on data outputted from a first sensor and data out-
putted from a second sensor, wherein the first sensor
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outputs first data representing a value according to

an orientation or movement of a first input device
and the second sensor outputs second data repre-
senting a value according to an orientation or move-
ment of a second input device, the game devicecom- &
prising:

a data obtaining section for obtaining the first
data from the first sensor and the second data
from the second sensor; 10
a similarity degree calculating section for calcu-
lating, based on the first data and the second
data, a degree of similarity between a state of
the first input device with respect to the orienta-
tion or movement thereof and a state of the sec- 75
ond input device with respect to the orientation
or movement thereof;
a change amount calculating section for calcu-
lating, based on at least one of the first data and
the second data, an amount of change by which 20
to change a value of a game parameter to be
used in the game process in such a manner that
the amount of change is greater as the degree
of similarity is greater.
25
34. Agame device for performing a game process based
on data outputted from a first sensor and data out-
putted from a second sensor, wherein the first sensor
outputs first data representing a value according to
an orientation or movement of a first input device 30
and the second sensor outputs second data repre-
senting a value according to an orientation or move-
ment of a second input device, the game device com-
prising:
35
a data obtaining section for obtaining the first
data from the first sensor and the second data
from the second sensor;
a similarity degree calculating section for calcu-
lating, based on the first data and the second 40
data, a degree of similarity between a state of
the first input device with respect to the orienta-
tion or movement thereof and a state of the sec-
ond input device with respect to the orientation
or movement thereof; 45
a first game process section for performing a
first game process based on the first data or the
second data; and
a second game process section for performing
a second game process based on the first data 50
and the second data only if a value of the degree
of similarity is greater than a predetermined val-
ue.
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Fig. 2
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Fig. 3

Fig. 4
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Fig. 10
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Fig. 11
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